exercised to avoid this.
Several authors have reviewed the advantages of derivative spectroscopy in discriminating overlapping spectra in the quantitation of components in mixtures, and in resolving spectral information from background information [1 and 2] . Methods used to generate derivative spectra have included mechanical modulation of the wavelength dispersion optics [2] . This technique has the advantage of minimizing the effects of such timedependent variables as source and detector drift. The disadvantages are that the amplitude of the wavelength modulation critically effects the sensitivity, linearity, and spectral resolution of the derivative measurement. An earlier report [3] from this laboratory described two derivative spectrophotometers which were based on vidicon imaging detectors. These instruments generated derivative signals by modulating the scanning electron beam of the vidicon and using a lock-in amplifier to monitor the first, or second, harmonic of the resulting signal to obtain first-or second-derivative spectra. This paper describes an alternative approach in which derivative spectra are computed from intensity versus wavelength data recorded in a conventional scanning mode. A high-resolution image dissector camera [4] is used to monitor multiple wavelengths simultaneously and resulting signals are stored in computer memory. Digital methods are then used to compute derivative signals from the intensity data.
The theory of digital filtering and differentiation is described in the literature [5] . The resulting pseudoderivatives can be related to the concentration of a sample through Beer's Law, such that the quantities (dI/d)/I and (d2I/d2)/I (where I is intensity and ) is wavelength) are proportional to concentration. The basic approach in this instrument is to perform as much of the signal processing as possible by manipulating the raw intensity versus wavelength data in a minicomputer. The wavelength modulators and lock-in amplifiers used earlier [1] [2] [3] are replaced entirely by computer programs. Digital filtering is more flexible, and generally more effective, than the analogue techniques. The penalty of the digital techniques is that they are much slower than the analogue devices they replace. This is often an acceptable compromise, although it is desirable to optimize the programs for a fast execution time [6] . There is a tendency for the derivative process to enhance highfrequency noise [2] 
Procedure
The image dissector is adjusted to a 10 kHz bandwidth and scanned between positions corresponding to 181 to 780 nm at a rate of 1000 scans/min. The scans are ensemble averaged to attain an integration time of 16 ms per pixel. Within-run statistics are generated by acquiring three separate spectra with the cuvette and sample being left in the cell holder between spectra. The intensity versus wavelength files are processed for noise reduction using digital filtering algorithms, and first and second derivatives are generated using modified Savitzky-Golay (S-G) convolution functions [7] [1"5] ), E is the illumination of the face-plate (in foot candles ), and dt is the dwell time (in s [4] A. 0"7 lg/ml phenanthrene, 0"18-5"0 tg/ml anthracene; B. 3"0 lag/ml perylene, 0"5-8"9 lg/ml anthracene; C. 0"5-7"0 tg/ml phenanthrene, 0"18-5"0 Itg/ml anthracene. 0" 18--5"0 gg/ml/0"5--7"0 g/ml. b0"5--8"9 t/ml/0"4-5"0 tg/ml. 0'5-7"0 tg/ml/0.18-5"0 g/ml. d 0"4--5"0 g/0"5--7"0 g/ml.
Wavelengths used for anthracene, phenanthrene, and perylene are bands near 375, 290, and 415 nm, respectively.
Discussion
The image dissector has some attractive features for derivative spectroscopy that include positional accuracy of 0"1% or better, very low dark current, and a response that is free ofmemory and charge migration effects. These characteristics combine to yield fast linear response over three or more orders of magnitude of intensity. On the other hand, it is necessary to use some form of electronic signal averaging to achieve signal-to-noise ratios similar to such integrating detectors as diode arrays.
Although results obtained with this instrumental system are similar to those obtained with diode-array based systems, it is improbable that the image dissector can compete effectively with the diode-array systems for absorbance measurements. However, the high sensitivity of the image dissector makes it particularly attractive for fluorescence measurements. This preliminary study confirms that the image dissector is an effective detector for derivative spectroscopy, and future studies will be focused on luminescence measurements for which the high sensitivity of the image dissector is particularly attractive.
